The research question for this study is estimating the public's willingness to pay for the public goods generated by farmland, and exploring respondents' heterogeneity in their preferences for these goods. The approach used is a choice experiment, using respondents from the city of Wuhan, China. Six attributes representing public good values (farmland area, farmland fertility, water quality, air quality, species richness, and recreational value) and the level of private cost are selected in this study. A heteroscedastic conditional logit model is used to analyze the respondents' willingness to pay for improvements in these public goods, accounting for systematic heterogeneity in public preferences. The results show the public are willing to pay to preserve the non-market values generated by farmland, with air quality valued most and followed by farmland fertility, farmland area, water quality, species richness and recreational value. In addition, respondents with higher income, and who are aware of the non-market values of farmland and have a willingness to pay for it have a smaller error variance, i.e., these respondents are more consistent in their choices. This study may help decision makers improving more differentiated farmland protection policies.
Introduction
In China, as in other countries, the management of farmland may generate public goods, i.e., water quality, air quality and species richness and recreational activity. People may also have concerns about the area of farmland, and the fertility of farmland in terms of food security and quality, although whether farmland fertility has a direct impact on quality of agricultural products or not is still debated [1, 2] . In this paper, we want to explore how citizens value these public goods, the extent to which there is heterogeneity in respondents' preferences for non-market values of farmland, and whether that heterogeneity can be explained by observable characteristics. It is common that preferences for certain goods or services vary across respondents, and the consideration of heterogeneity in individuals' preferences for goods and services is taken as one of the most significant areas of research within choice experiments, as it can generate an unbiased result compared to a constrained version that assumes homogeneity throughout the population [3] [4] [5] .
There are a number of methods by which heterogeneity in preferences can be considered. Here we explore observable heterogeneity based on socio-demographic variables reported in the survey, and heterogeneity in the error variance using a heteroscedastic conditional logit model. It reflects a behavioral interest in factors influencing the variance of the latent variables in the model [6, 7] , and shows the heterogeneity in respondents' preferences for certain goods [8] .
Methodology
The heteroscedastic conditional logit model has its roots in Random Utility Theory [34] , which assumes respondents utility depends on their choices from some available sets made up with attributes, and they are willing to buy or pay for these attributes [35] . However, some of this unobservable consumer utility can be explained, while some random element remains unexplained as the modeler does not possess complete information concerning the individual decision maker [36] . Thus, utility (U ijn ) of individual preferences can be written as the sum of a systematic (V ijn ) and random (ε ijn ) components:
U ijn " V ijn pZ ijn , θq`ε ijn (1) where U ijn is the total utility which individual i will get by choosing option j in choice set n, V ijn represents the observable systematic component of utility that is the explainable proportion of the variance in utility of option j, Z ijn are the attributes associated with option j, θ is a vector of coefficients reflecting the desirability of the attributes, and ε ijn is the random term independent of V ijn . Option j rather than k (j ‰ k) in choice set C will be chosen if the utility of j is greater than that generated by all other options of choice set n, i.e., option k, then the probability for all j options in choice set n can be expressed as:
Maximum likelihood functions are as follows:
In L "
where, d ijn is a dummy variable (if choose j, then d ijn is 1, otherwise 0). Assuming the random error terms are distributed independently and identically with each other (IIA), and belong to the Gumbel distribution (0 or 1), then the selection probability P ijn can be expressed by Conditional Logit Model (CLM):
where λ is a scale parameter that is inversely related to the error variance, which is usually normalized to equal 1 as it cannot be identified independently from the error variance of the data σ 2 , it can be written as:
However, this assumption of a constant error variance across individuals has been questioned and alternatively a heteroscedastic conditional logit (HCL) model [37] has been proposed. In this paper, the scale parameter λ is no longer a constant term as it allows for unequal variance across survey characteristics, such as individual characteristics. This is different from the latent class model, which automatically classify the heterogeneous respondents into a series of segment (m) , each segment has its own scale parameter λ i and all the scale parameter (λ i = i = 1, 2, . . . , m) sums up to 1 [8] . The heteroscedastic logit model is a more suitable model to explore the heterogeneity that exists in people preference when respondents' preferences are heterogeneous but can not be expressed by limited number of segments.
where λ is a function of respondents' socio-demographic characteristics, the parameterization of λ can be done as exp (S m γ) with (S m ) a vector of the individual socio-demographic characteristics and γ as a vector of parameters indicating the influence of those characteristics on the error variance. If γ turns out to be zero, then the heteroscedastic logit collapses to a conditional logit. For estimating the heteroscedastic conditional logit model we use the STATA 12 clogithet command written by Hole [33] .
As for the application in this study, the attribute variables of farmland area, farmland fertility, water quality, air quality, species richness, recreation value and cost can be described in the form of linear functions of attribute vector (Z i ). The respondent's socioeconomic status can be also used to interact with the Status Quo and the attributes. Formally, if we have the attribute vector Z i as above, we use a linear utility model to explain individual choice. The linear utility index for alternative j in choice task n for respondent i can be expressed as.
where SQ is alternative specific constant (ASC) for status quo; β it are the parameters associated with the t attributes, which can be conditioned on observable characteristics of the individual to allow for heterogeneity in preferences. Based on the conditions of maximization of individual utility, each attribute value of farmland (namely, WTP) can be expressed as:
where β im is the marginal utility of income of individual i.
Case Study, Survey Design and Implementation

Case Study Description
Wuhan is the largest city in central China, it located at the intersection of the middle reaches of the Yangtze River and its largest tributary Han River. Having a population of eight million, Wuhan has direct jurisdiction over seven central districts and six rural districts (Figure 1 ). The whole area of the city is nearly 850,000 hectares, 575,000 hectares of them are farmland. Owing to the acceleration of the industrialization and urbanization process [38] , more than 5000 hectares of farmland are converted into urban land every year. Moreover, the excessive use of pesticides and chemical fertilizers has exerted a great threat on the farmland environment. The decline in quantity and degradation in quality of farmland have brought serious challenges for farmland management [39, 40] . Many of the values associated with these changes are difficult to quantify in monetary terms and often consumed by people in terms of quasi-public goods. In fact, protecting farmland has been one of the most important land administration issues not only for the local policy makers but also for the Chinese central government [41] .
Residents' opinions and participation are crucial for the designing of a successful farmland protecting policy. Thus, the challenge for policy makers is to find a consumer-oriented farmland improvement program, which can reflect local residents' willingness to pay and also truly express the heterogeneity of their preferences [30] . Within this context, quantifying the public's willingness to pay for the public goods generated by farmland, and exploring respondents' heterogeneity in their preferences for these values, is urgently needed by policy makers. 
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Survey Design and Implementation
Appropriate attributes can specify the outcomes presented to the respondents as well as get the information we need. After seeking advice of experts from the field of agriculture and land resource management, six attributes (farmland area, farmland fertility, water quality, air quality, species richness, recreational value) and cost are selected to represent public good values of farmland [42] . Each respondent is presented with a choice set made up with those six attributes and a private cost in this study.
Levels of cost attribute in this paper are determined by referring to a CE survey in Wuhan [23] . The description, code name and their levels of each attribute are presented in Table 1 , the status quo option levels are those underlined. The options making up the choice sets are formed by allowing attribute levels to vary systematically according to an experimental design. The above attributes and their levels can generate 4 6ˆ5 = 20,480 possible options, which is impossible to implement. Choosing the optional number of choice sets for the survey is dependent on two particular aspects: reducing cognitive burden for the respondents; and finding a number suitable to create efficient experimental designs. In this paper, an orthogonal fractional factorial design is used to minimize the numbers of choice sets that are required while still allowing identification of preferences [43] . Moreover, three options with the inclusion of the status-quo option is a suitable way to obtain welfare measures that are consistent with demand theory and to avoid biases in the WTP estimates [22] . After putting all this information into the Ngege, we can get the minimum number of choice sets needed to get a robust result, which is 14 in this manuscript. Particularly, 10 is the minimum number of choice sets for each respondent-a questionnaire with more than that will bring too heavy a cognition burden to them [43] . Thus, the 14 choice sets were blocked by a factor of 2. Each respondent was presented with seven choice sets in each block, containing three scenarios for him/her to select from: option A or B (representing new polices) and the status quo. Table 2 is an example of a choice set used in this study.
In this study, there are three parts of the questionnaire, (1) respondents' cognition of the present situation of farmland on market values in Wuhan, China. (2) One of two blocks of seven choice sets, assigned at random. (3) Respondents' socio-demographic characteristics (age, education level, gender, income, and householder or not) and their attitude towards farmland non-market values (being aware of it or not, whether they are willing to pay to protect it or not). Data from part (3) can be required as inputs into the modeling as well as for checking on how well the sample represents the population. The survey are conducted in the central districts of Wuhan, China. Citizens were surveyed by 13 trained enumerators between December 2013 and January 2014. A pilot survey was done before the final versions of the questionnaire were conducted face-to-face. Three hundred respondents were investigated by referring to the sample size formula of Scheaffer et al. [44] , which includes 150 surveys of each version. The numbers of useable questionnaires for Block 1 is 147 (98.00%) and for Block 2 is 141 (94.00%). In total, we have 2016 (288ˆ7) choice observations.
Results
The Results of the Cognition Questions
Respondents' cognition of farmland non-market values is the basis for their willingness to pay for it. Each respondent is presented with the following questions: "Do you hold the opinion that the farmland area (farmland fertility/water quality/air quality/species richness/ recreational value) is important in your life" and "Have you realized that the farmland area (farmland fertility/water quality/air quality/species richness/recreational value) is decreasing fast?" and asked to answer on a 5-point Likert-scale their degree of agreement. Table 3 below reports the mean scores for the six attributes, for both Importance and awareness of Decline. Table 3 shows that respondents hold the opinions that water quality is the most important one among the six attributes, followed by the attribute of air quality, with their mean scores both over 4 points. Individuals are also most aware that air quality is decreasing, followed by water quality. These are partly because of the serious hazy weather and the frequent water pollution incidents in Wuhan during the past five years.
Definition of Socio-Demographic Variables
Respondents are also presented with attitude questions like "Are you aware of the farmland non-market values in Wuhan", "Do you have a willingness to pay for farmlands non-market values".
Respondents' socio-demographic characteristics are also reported in Table 4 , which includes their age, income, whether a householder or not, and whether the family has savings or not. Table 4 indicates that 79.69% respondents are aware of the farmland non-market values in Wuhan and 80.08% of their families have savings. Moreover, 77.34% of the public have willingness to protect farmland non-market values.
Results of the Heteroscedastic Conditional Logit Model
Some attributes (farm fertility and air quality) are categorical variables, and enter into the model as dummy variables with level 4 (the worst quality for both attributes) as the baseline. Interactions between attributes and socio-demographic characteristics are also included in the model: only those that have been identified as being particularly robust are reported in Table 5 . It is notable that the only effect identified relate to the marginal utility of the cost attribute.
This heteroscedastic conditional logit model [16, 33, 37] assumes that there may be heterogeneity in the error variance across participants. In the estimated model, the scale parameter is modeled as a function of individual socio-demographic characteristics (S), i.e., λ " exppδ Sq. Those that are significant are reported. Heterogeneity in preferences was also explored using a latent class model, but the results were no more informative than those reported here in Table 5 . All the estimated coefficients of the seven attributes have the expected signs. The coefficient for the ASC is negative and significant at the 1% level, which indicates that respondents value a shift away from the Status quo condition more than one might anticipate based on the status quo attribute levels alone.
The coefficient for the variable of farmland area is positive and significant at 1% level. Farmland fertility is defined as a categorical variable in this paper so it goes in as a set of dummies, with level 4 (the worst level) as the base. Coefficients for all the levels of farmland fertility are positive and significant at 5% level, but seem to suggest a lack of sensitivity to the level of farm fertility. For water quality, the sign of its coefficient is positive and significant at 1% level, indicating there is a clear progression of the utility of respondents as the water quality increase.
The response to air quality showed a similar effect as farmland fertility: coefficients for all the levels of air quality are positive and significant. Moreover, the results also indicate that higher level of air quality is more preferred by respondents, so are their significant levels, with 0.2312, 0.1897, and 0.1492 for the level of Air_1, Air_2, and Air_3, respectively. Respondents in Wuhan favor improved air quality. The effect of species richness on respondents' utility is positive and significant at 10% level, and for recreational value (significant at 5% level).
The coefficient of cost is negative, which indicates that the utility of respondents will decrease when there is a rise in cost. However, there are number of significant interaction effects identified. Specifically, the attitude variable willingness, reduces (the absolute) value of the marginal utility of cost. Respondents who report a willingness to pay for protection (willingness = 1) will have a higher WTP estimate. On the other hand, those who have a bank deposit (savings = 1) will tend to have a lower willingness to pay, as those respondents would prefer saving rather than spending.
Given the importance of the marginal utility of cost in determining WTP, it is informative to identify its value for the four identifiable subsections of the sample, and their prominence, as well as the sample mean. Table 6 reports this. Table 6 reveals that for the majority of the sample, the coefficient associated with cost is negative and significant: for only 19.63% is the cost coefficient not significantly different from 0. The implications of this are considered in the following section.
Partworths and Its Aggregation
One of the roles of choice modeling is to examine the partworths of changes in farmland management. Based on Equation (8), the calculation of partworth allows monetary values to be ascribed to the attribute levels. According to the results of estimated the parameters, assuming the other attribute being equal, we can evaluate the marginal value of an attribute compared to its baseline level. The marginal value is the public's willingness to pay (WTP), which means how much the respondents are willing to pay for a marginal change in attributes. Partworths reported in Table 7 are calculated when the socio-demographic variables are at their mean values (willingness = 0.7734, savings = 0.8008, and the respondents' marginal utility =´0.0008). It should be noted that these values are all estimated by compared with the attributes' baselines, which can be checked in Table 1 . Table 7 reports the mean partworths for each attribute level. There are some noteworthy features in this study deserve to be reported before list the partworths. It should be noted that these values in the first column are all estimated by comparison with the attributes' baselines, which can be checked in Table 1 . Note: (1) Partworths listed in Table 6 are calculated at the mean values of socio-demographic variables.
(2) Exchange rate from Yuan to US $ in December 2013 was 0.17.
However, the partworths derived are clearly dependent upon the units of measurement. Directly comparisons among attributes make no sense since every attribute has its own unit. For the continuous attributes of farm area, water quality, species and recreation value, comparisons among the partworths of different attributes are available after standardizing them. For the discrete variables of farm fertility and air quality, standardization is not appropriate. Comparison can only be done among the different levels of the attributes. Partworths of the different level of farm fertility indicate that respondents' willingness to pay for the farmf_1 and farmf_3 are almost the same, while paying less for farmf_2. As for the air quality, partworths of the higher level of air quality are higher (303, 248 and 195 Yuan for airq_1, airq_2 and airq_3, respectively).
In the final column the partworth associated with a 1% improvement in the attribute are reported for the continuous variables. These reveal that for every percent change, each family in Wuhan is willing to pay 385 Yuan annually for farmland area, followed by species richness (199 Yuan) and water quality (34 Yuan), recreational value holds the lowest WTP (4 Yuan).
Given the diversity in the marginal utility of cost, it is also of interest to identify partworths for segments of the sample. Table 8 reports partworths for that group with the smallest, significant, marginal utility (when willingness = 1, savings = 1). Although increased, the values in Table 8 do not become too extreme for this group. Just like the results in Table 7 , when respondents are in their smallest, significant, marginal utility, partworth for status quo is still negative, while are positive for the six attributes, but all of their significant levels change when comparing those in Table 7 .
For the attributes that described in form of categorical variables, respondents' willingness to pay for the three improvement levels of farm fertility are 233, 151 and 228 Yuan, respectively, and 406, 333 and 262 Yuan for airq_1, airq_2 and airq_3, respectively.
For a 1% improvement in the attribute for the continuous variables, respondents are willing to pay 516 Yuan annually for farmland area, followed by species richness (216 Yuan) and water quality (46 Yuan); recreational value engenders the lowest WTP (5 Yuan).
Scenarios must be defined if we want to quantify the farmland non-market values based on respondents' WTP despite it is still controversial [45] . In this paper, the annual WTP of a typical household for the farmland non-market-values from the Status Quo to the greatest attribute level was calculated as approximately RMB 886 (USD 145.32) by adding the WTP of each attribute. Thus, the total WTP can be performed by multiplying per household's WTP by the total number of households in Wuhan of 2013 (2.0919 million). As a result, the annual total WTP for the farmland non-market values protection option with the greatest attribute level amounts to RMB 1853.42 million (USD 303.99 million), and RMB 6159.60 (USD 1010.28) per hectare.
Policy Implications and Conclusions
Policy Implications
This paper estimates the public heterogeneous preferences for farmland non-market values using the heteroscedastic conditional logit model as a case study of Wuhan, Central China, which makes contribution both to literature and policy implications.
First, this study contributes to the literature on estimation of the non-market value of farmland using choice modeling, and is one of the few farmland non-market valuation studies that have been undertaken to account for heterogeneity in the error variance using a heteroscedastic conditional logit model in China. It provides researchers with an alternative way to explain respondents' heterogeneous preference when latent class failed to classify the respondents into a series of segments that significantly different from each other.
Second, the expression of these non-market benefits in monetary terms can be used by policy makers to determine how farmland resources should be allocated amongst competing management priorities. In this study, farmland non-market values based on respondents' annual WTP achieved as RMB 1853.42 million (USD 303.99 million), which will be of fundamental importance to policy makers when making farmland conversion decisions, and help them find a balance between farmland protection and economic development.
Moreover, the estimation of respondents' WTP for farmland non-market attributes help government improve the farmland protection policies from attribute level, thus increase the efficiency of resource allocation for public spending on the specific attributes. An improvement in the level of attributes with higher weights can increase the utility of the public significantly, which are air quality and farmland fertility in the case of Wuhan study. Accordingly, these results can help local government design more differentiated farmland protection policies in the newly revised Land Management Law as well as the new round of land use planning to control the amount of farmland conversion. Specifically, more emphasizes should be put on increasing the content of organic matter of farmland to guarantee the food security and quality. Only in this way can we prevent further deterioration of air quality and farmland fertility, and achieve the goal of farmland protection on quality, quantity and ecology simultaneously.
Finally, the aggregation of partworths showed that public annual WTP for the farmland non-market values in Wuhan amounts to RMB 1853.42 million (USD 303.99 million); that is, RMB 6159.60 (USD 1010.28) per hectare, which is three times as much as the sum of the grain and seed subsidy criteria of Wuhan in 2013. That may partly explain the low efficiency of China's present farmland protection policy, which could be reformed better in the future.
Conclusions
By using the heteroscedastic conditional logit model of CE method, this study provides a number of insights into respondents' preference heterogeneity, and also show how respondents make trade-offs among different hypothetical outcomes that arise from farmland improvement options.
First, results show that respondents have realized the farmland non-market values in Wuhan has been decreasing during the last decade and have significantly positive willingness to preserve the farmland. The attribute that respondents put on the highest weight in this study is air quality, followed by farmland fertility, farmland area, water quality, species richness and recreational value.
Second, all the estimated coefficient of the seven attributes have the expected signs. The coefficient for the ASC is negative while coefficients for attributes are positive. In addition, there appears to be a systematic relationship between respondents' socio-demographic characteristics and their reactions to cost. Interactions show those who have willingness to choose the farmland improvement options and have no deposit in the bank are more sensitive to cost. In addition, results of the heteroscedastic conditional logistic regression indicate that respondents with higher income, are aware of the farmland non-market values and have willingness to pay for it are more likely to choose the options after considered rather than randomly selected. Mean and most negative partworths of the attributes are also presented in this study, and partworths associated with a 1% improvement in the attribute are reported for the continuous variables, comparisons are made among those continuous attributes.
Third, the aggregation of partworths shows that per household's annual WTP for the farmland non-market value protection option with the greatest attribute level amounts to RMB 886 (USD 145.32) per household. The farmland non-market values achieves at RMB 1853.42 million (USD 303.99 million), which is RMB 6159.60 (USD 1010.28) per hectare.
Last but not least, respondents' willingness to pay for air quality in this study maybe overstated because data were collected at a time when there had been serious hazy weather in Wuhan, and respondents suffered much from the event. They are aware of this problem, and very sensitive to air management issues.
